Introduction
Rice is a main food for majority of the world's population, raised on about 146.5 million ha of the agricultural fields of the world. So it is necessary to optimize usage of available resources due to shortage of water resources in rice fields (Thakur et al., 2014; Gill et al., 2014; Murumkar et al., 2014) . Water necessity is more for this plant than other grains and the amount of it is affected by the rice cultivar, stage of growth, length of growth stage, plant density and even method of cultivation and weather conditions. Iran is an area with an annual rainfall of 240 mm and 0.57 million ha paddy field. Most rainfalls occur out of rice growth stages. Water allocation is not sufficient for low efficient irrigation in Iran, and surface water storage will be increased by construction of dams (Amiri et al., 2011) .
Agricultural water productivity directly affects crop production; therefore, various water saving techniques and managements have been developed for rice producers to minimize water use and maintain optimum yield (Pascual, 2016) . For instance, observed yield and simulated water balance, the calculated average WP ET was significantly lower than the average WP T : 37%. The average WP I , WP ET , WP T and WP ETQ were 1.01, 0.89, 1.41 and 0.65 kgm -3 (Amiri and Rezaei, 2013 Severe drought stress at mid-tillering delayed flowering, and caused substantial yield losses by large percentage of unfilled grains (Davatgar et al., 2009 ). This finding has been confirmed by Pirdashti et al. (2009) who pointed out that water shortage in the vegetative growth stage extended the number of days for flowering in different rice cultivars. It has been documented that dry matter is more affected under vegetative stage stress whereas severe effects on sink size (spikelet fertility, 1000 grain weight and seed yield) under reproductive stage stress would be resulted (Guan et al., 2010) . Roderick et al. (2011) concluded in a research that alternate wet and drying irrigation deficit method has reduced about 38% of irrigation water usage, with the same yields and farmers profits.
High densities of rice cultivation reduce plant yield and yield components (Chamara et al., 2016) . Some researchers have reported increased yield per unit area as a result of increasing density per unit area (Clerget et al., 2016) . Other researchers have also reported declined yield and biomass per unit area due to increasing density (Awan et al., 2014) . In addition, high densities are recommended to suppress weeds and increase yield in rice (Chauhan et al., 2011) .
In order to detect the effect of planting density on the water productivity of rice product, an experiment was conducted in a split plot design with three plant-distance (20 × 20, 15 × 15, 20 × 10 cm) as a sub plots and four different irrigation regimes (permanent flooding treatment as a control group and 100%, 75% and 50% evaporation from the pan) as the main factors. The best yield in irrigation was reported for 75% evaporation from the pan and the plant-density of (20 × 20 cm) (Amiri et al., 2011) .
In recent years, there has been an increasing amount of literature on simulation and modeling application on rice production (Amiri et al., 2014; Vijayalaxmi et al., 2016) Until now, the most conducted researches have been about the method of irrigation management based on fixed round of irrigation from the first to the end of growing season. Fewer researches have been conducted about the method of irrigation management regarding cultivation density. At present, information required for the rice production improvement with suitable management practices is a need of hour. The generation of new data through agronomic research methods is insufficient and time consuming to meet these needs. So crop simulation models are considered as potentially useful tools in agricultural decision making. The major objectives of this study were to investigate: (i) Modeling response of Hashemi rice variety to change in planting densities and irrigation managements (ii) Calibrate and validate the DSSAT v 4.5. model based on experimental data; (iii) To explore on-farm strategies which result in higher economic gains and water productivity.
Materials and methods

Experimental design, crop establishment, and crop management
The experiment was conducted as split plot based on randomized complete block design with three replications on rice Hashemi cultivar during growing season of 2014 and 2015 in Koosal-Lahijan region located in north of Iran. The height of the site is 3 m from the sea level and it is located at 14"3'37° of north latitude and14"1'50° of east length. Irrigation treatments were at five levels: full irrigation = I 1 saturated = I 2 irrigation with 8 days alternative until anthesis = I 3 , irrigation with 8 days alternative after anthesis = I 4 , irrigation with 8 days alternative during the whole period of growth = I 5 (444000, 250000, 160000 plants per hectare, respectively). Each experimental plot was 9.2 m long and 3 m wide. After transplanting the markers to the main land, the plots were kept for 10 days in permanent flooding until the markers were settled. After that, irrigation management was applied in the plots based on the program. I 1 was often flooding and I 2 was often saturated. I 3 was irrigated every 8 days before anthesis and then was flooded. The treatments I 4 was irrigated every two to three days before anthesis and then irrigated every 8 days. I 5 was completely irrigated every 8 days. It should be noted that the management of irrigation with frequency of 8 days (Amiri and Rezaei, 2013) was performed based on the alternation according to the growth of rice, using optimal water management in drought stress condition and in order to cope with damages caused by water stress on Hashemi cultivar. According to the Table 1 , soil of the experiment site is suitable for rice. Table 2 also shows crop information and Figures 1 and 2 shows the meteorological characteristics of the site. The first 20 days were irrigated by flooding. Urea, potassium and phosphate fertilizers were each used at baseline of 60 kg.ha -1 . 60 kg urea fertilizer was also consumed one month after the baseline stage. Graining was carried out at the end of April in the treasury environment and transplantation of the treatments was done at the end of May. After handling and harvesting, the clusters were placed in an oven for drying for 72 h at 70 °C. 
Ceres-Rice description
Ceres-Rice model was selected as a tool for simulating growth and yield of rice under different environment and management strategies. The Ceres-Rice model simulates rice crop growth and development from either planting or transplanting to physiological maturity and is based on the physiological processes that describe the response of rice to local soil and weather conditions. Potential growth is mainly dependent upon photosynthetically active radiation (PAR), light interception and the light conversion efficiency, while actual growth is a constraint of crop management, soil and weather interactions.
The input data required to run the DSSAT models include daily weather data, i.e. maximum and minimum temperature, rainfall, and solar radiation; soil characterization data, genetic coefficients and crop management information, such as date of planting, age of seedlings, row and plant spacing, rates and dates and amount of fertilizer and irrigation applied. Input data files of Ceres-Rice model are as per IBSNAT standard input/output formats and file structure described in DSSAT v 4.5 (Hoogenboom et al., 2003 
Model inputs
The DSSAT models require the minimum data set for model operation. They encompass data on the site where the model is to be operated, on the daily weather data, on the soil properties, and on the all aspects management of the crop growth. Important crop management factors include planting date, planting depth, row spacing and direction, plant population, fertilization, irrigation, inoculation, residue applications, tillage, and harvest date.
Calibration of Ceres-Rice model
The calibration of the Ceres-Rice model was based on data from measured data of grain yield, total biomass in 2014-2015 field experiment. The genetic coefficients of the rice cv. Hashemi that affect the occurrence of phonological stages in the Ceres-Rice models were derived using the GLUE Estimator of DSSAT v 4.6. This program estimates the coefficients for a genotype by iteratively running the crop model with an approximate value of the coefficients concerned.
One would expect to have, for good model performance, values of RMSE as close as possible to 0. A model produces experimental data perfectly when α is close to 1, β is close to 0, R 2 is close to 1, RMSEa is similar to the SD of measured values, and RMSEn is similar to the coefficient of variation (CV) of measured values.
Model evaluation
Summary measures used in the present study were the mean of measured and simulated values, the standard deviations (SD) of the observations and simulations, the slope α, intercept β, and coefficient of determination (R 2 ) of the linear regression line between simulated and measured values. The different measures were based on the analysis of residual errors, that is, the difference between simulated and measured values. We computed the absolute and normalized root mean square errors (RMSE and RMSEn, respectively). Also, based on the measured data and relationship data and statistical estimation of the model were done through the root mean square error (RMSE), normalized root mean square error (RMSEn), relative error of the model (ME). When the RMSE and RMSEn values are closer to zero, it indicates that the prediction has been done better by relations ( Eqs. 1-3) .
In the first two relations (Eq. 
Water balance components
The water balance of lowland rice model includes (Eq. 4):
where dW is the change in stored water, I is irrigation supply, R is rainfall, C is capillary rise, E is evaporation, T is transpiration, S is seepage, Q is percolation, and D is surface drainage/runoff (all units are mm) (Bouman et al., 2001 ).
Water productivity
WP indices express the profit derived from the consumption of water and can be used for assessing the impact of on-farm strategies under water scarce situations. They provide a proper vision of where and when water could be conserved. The following equations (Eqs. 5-9) were used to calculate the water productivity components (Singh et al., 2006) . 
Results and discussion
Model calibration
The calibrated genetic coefficients (cv. Hashemi) as derived by Gencalc for CeresRice are given in Table 3 . Table 4 shows the goodness-of-fit parameters for grain yield and aboveground biomass at harvest of the whole data set. 
Model evaluation
Grain yield the graphical comparison between simulated and measured grain yield is presented in Figure 3 . The Ceres-Rice model simulated grain yield in 2015 quite well. Grain yield of D 2 was predicted the most accurate than other density treatments (R 2 = 0.85).
The graphical performance of the Ceres-Rice model in simulating total crop biomass at harvest is presented in Figure 4 . Similar to the simulation results of the grain yield, the best performance of the model in simulating total crop biomass was obtained in The use of Ceres-Rice model in different years to simulate rice yield in irrigation management and different densities is shown in Figure 5 . The ability of the Ceres-Rice model to simulate the total biomass of rice in different years under irrigation management and different densities is shown in Figure 6 . In the second year, the plant was exposed to warmer days and the rice plant was subjected to more severe drought stress, which caused the plant to close its stomata more than the first year, and the yield and total biomass decreased compared to the first year. 
Water balance components
An examination of simulated components of water balance under different density and water management reveals interesting facts (Fig. 7) . 
Water productivity components
The water productivity for rice was analyzed using the Ceres-Ricesimulation model. We calculated the water productivity rates using the simulated water balance components of T and ET by Ceres-Rice and the actual (observed) grain yield ( Table 5 ). Table 5 . Water productivity is based on the amount of mechanism secretion in the plant and depends on the type of plant. As a result, WP T for a rice plant is a measurable variable that depends on eco-hydrological conditions. The results of this study indicate that the WP T value varies between 1.6 and 2.46 kg/cm 3 . Water productivity is discussed based on the amount of evapotranspiration on soil and plant matter and shading, depending on the type of soil and climate and plant. The inevitable water shortage due to evaporation from the surface water and saturated soil (E) leads to a reduction in water productivity from WP T to WP ET ; on average, WP ET is 41% lower than WP T . By changing the irrigation management from flood to non-waterlogging, water productivity (WP I ) increases, so that the lowest water productivity (WP I ) in flood treatment is I 1 = 0.92 kg/m 3 and The highest water productivity (WP I ) was observed in saturated treatment of I 2 = 1.27 kg/m 3 . The average amount of water-based components of irrigation, evapotranspiration, transpiration and total evapotranspiration and deep penetration (WP I , WP I + R , WP ET , WP T and WP ETQ ) were 1.13, 0.94, 16.1, 1.97 and 0.49 kg/m 3 respectively. In general, I 3 D 3 treatment has reduced water consumption while maintaining optimum performance and water productivity. Continuously surface water flooded method result in high soil evaporation in Hashemi rice planting. Reducing water allocation from continuous flooded methods to soil saturation or alternative irrigation methods will slightly decrease the rice yields but will substantially increase the water productivity (Amiri and Rezaei, 2013) .
Conclusion
The results from this study showed that the Ceres-Rice model generally predicted biomass and grain yield, fairly satisfactorily across a range of data sets covering varying levels of water-and density management during 2 years. Results showed that predicted grain yields agreed well with observed yields (RMSEa = 382 and RMSEn = 10%). Also total biomass also were simulated well (RMSEa = 975 and RMSEn = 10%). High evaporation rate at initial stages of crop growth due to traditional irrigation method, has decreased WP ET by 41% compared to WP T . The results showed that I 3 : Irrigation with 8 days alternative before anthesis and D 2 = 20 × 20 cm plant density is the optimum irrigation method and crop density management. The Ceres-Rice model is calibrated and validated using field experimental data, and can be used to predict the experimental results of irrigation and different densities conditions in northern Iran, thus helping to identify target domains and irrigation and density management recommendations for farmers.
